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@ Method for preparing a superconducting thin film. 

(§) A process for preparing a superconducting thin film 
composed of compound oxide such as YBa2Cu3O7.fi deposited 
on a substrate such as SrTiOa. Improvement is in that a 
heat-treatment of the deposited thin film Is carried out In a same 
chamber in which the thin film of compound oxide is deposited 
on the substrate without taking the substrate out of said 
chamber. 
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METHOD FOR PREPARING A SUPERCONDUCTING THIN FILM 



Background of the Invention 



Field of the invention 



Description of the related art 
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also in our co-pending United States of America patent serial No. 152,714 filed on May 2, 1988. 

The abovementloned sputtering technique itself is satisfactory but some of the thin films obtained by such 
physical vapour deposition technique do not or hardly possess the superconducting property. This fact is 
explained by defectiveness of oxygen deficiency, in other words, imperfect oxygen contents in the crystal. In 
fact, the superconductivity or superconducting property of the abovementioned new type superconducting 5 
material of compound oxide is influenced by the oxygen contents or oxygen deficiency in the crystalline 
structure. And hence, If the oxygen deficiency is not proper, neither high-Tc nor reduction of discrepancy 
between the critical temperature and onset temperature can be realized. 

In order to overcome such drawback, it is a usual practice that the deposited thin film prepared by the 
physical vapour deposition technique is after-treated or annealed in the presence of oxygen gas under heat for 10 
example at a temperature ranging from 700 to 1,000 °C. This heat-treatment convert the incomplete oxygen 
deficiency to the proper value that is suitable for realizing high-Tc (critical temperature) and high-Jc (critical 
current density). 

in prior art, the heat-treatment is carried out in a furnace which is equipped specially for this end. In other 
words, a substrate on which a superconducting thin film is deposited is taken out of a sputtering machine to 15 
set the substrate In the furnace. In this operation, however, the substrate having the superconducting thin film 
thereon is necessarily cooled down and is exposed to surrounding atmosphere and hence desired control of 
atmosphere can not be assured, so that the resulting products do not possess uniform property and are 
deteriorated with the passing of time. 

Therefore, an object of the present Invention Is to overcome the abovementioned problems of the 20 
conventional technique and to provide a method for preparing a superconducting thin film improved in stability 
during storage or during use. 

Summary of the Invention 25 

The present invention relates to an improvement in a process for preparing a superconducting thin film 
composed of compound oxide including the steps comprising depositing a thin film of compound oxide on a 
substrate and then subjecting the thin film of compound oxide to heat-treatment in the presence of oxygen 30 
gas. 

According to the first aspect of the present invention, the heat-treatment of the deposited thin film is carried 
out in a same chamber in which the thin film of compound oxide is deposited on the substrate without taking 
the substrate out of said chamber. 

According to the second aspect of the present invention, the thin film deposited on the substrate is 35 
heat-heated at a temperature ranging from 700 to 900 °C and under a partial pressure of oxygen ranging from 
0.1 to 5 atm for more than 6 minutes, then is cooled down at a cooling rate of less than 100 0 C/min, and then is 
reheated or kept at a temperature ranging from 300 to 500 °C for more than 6 minutes. 

The superconducting thin film can be composed of compound oxide of at least one element a selected from 
I la group of the Periodic Table, at least one element p selected from Ilia group of the Periodic Table and at least 40 
one element 7 selected from a group comprising lb, lib, Mb, IVa and Villa group of the Periodic Table. The 
element y is copper (Cu) In general. 

Particularly, the superconducting thin film is preferably a compound oxide represented by the general 
formula: 



(ai-„Px)CuyO z 



45 



in which a and p means the same definition as above, x is an atomic ratio of p with respect to (a + p) and has a 
range of 0.1 £ x ^ 0.9, and y and z are respective atomic ratios with respect to (cn-xPx) which is considered to 
be equal to 1 and each satisfies a range of 0.4 < y < 3.0 and 1 ^ z ^ 5 respectively. 50 

According to a preferred embodiment of the present Invention, the element a is Ba or Sr and the element p 
is at least one element selected from a group comprising Y, La, Gd, Dy, Ho, Er, Tm, Yb, Nd, Sm, Eu and Lu. 
From 10 to 80 °/o of the element a may be substituted by one or more than one of other elements selected from 
Ha group of the Periodic Table such as Ca or Mg. The element p may be a combination of more than two 
elements selected from Ilia group of the Periodic. A portion of these components can be substituted by at 55 
least one of elements selected from a group comprising Al, Fe, Ni, Zn, Ag and Ti. 

An atomic ratio of a to p depends on the type of system of the compound oxide or on the combination of a 
and p. Following atomic ratios are preferably used In case of Ba-Y system, Ba-La system and Sr-La system 
respectively: 

Y/(Y-l-Ba) 0.06 to 0.94, more preferably 0.1 to 0.4 $0 
Ba/(La+Ba) 6.04 to 0.96, more preferably 0.08 to 0.45 
Sr/(La+Sr) 0.03 to 0.95, more preferably 0.05 to 0.1 

Thus, the most preferable compound oxides are Y-Ba-Cu-0 system, La-Ba-Cu-0 system and La-Sr-Cu-0 
system Including the following special systems: 

YiBa 2 Cu 3 07-x, HoiBaaCuaOy-x LuiBa^CuaO?^, e5 
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SmiBa 2 Cu30 7 -x, NdiBa 2 Cu 3 0 7 -x, GdiBa 2 Cu 3 07-x, 
EuiBa2Cu 3 0 7 -x, EriBa2Cu307- Xl DyiBa2Cu30 7 . 3t , 
TmiBa 2 Cu307-x, YbiBa 2 Cu 3 07.x, LaiBa2Cu 3 07. Xl 

(La, Sr) 2 Cu04-x in which x is a number which satisfies a range of 0 < x < 1. 
5 The abovementioned oxides possess preferably perovskite type or quasi-perovskite type crystal structure. 

The term of quasi-perovskite type means a structure which can be considered to have such a crystal structure 

that is similar to perovskite-type oxides and includes an orthorhomblcally distorted perovskite or a distorted 

oxygen-deficient perovskite or the like. 
The superconducting thin film may be also another type of superconductor consisting mainly of a compound 
10 oxide represented by the formula: 

04(<Dl- q ,Ca q )mCUnOp + r 

in which 0 stands for Bi or Tl, <D stands for Sr when 0 is Bi and stands for Ba when 0 Is Tl, m an n are numbers 

75 each satisfying ranges of6<m<10and4^n<8 respectively, p « (6+m + n), q is a number which 
satisfies a range of 0 < q < 1, and r is a number which satisfies a range of -2 < r < + 2. This system is 
considered to be a single phase of the following compound oxide or a mixed phase consisting mainly thereof- 
Bi4Sr 4 Ca4Cu60a)^ Bi 2 Sr j2 Ca5Cu 3 Oio^, 
T)4Ba4Ca4Cue0 2 (^ J "n 2 Ba 2 Ca2Cu30iQ- r , 

20 in which r is a number which satisfies a range of -2 < r ^ +2. 

The thin film of superconductor can be prepared by the conventional physical vapour deposition (PVD) 
technique, such as sputtering, vacuum deposition, ion plating, molecular beam epitaxiai growth or the like. It is 
also possible to use chemical deposition technique (CVD) such as plasma CVD or photo CVD. Generally, the 
thin film of compound oxide is prepared by sputtering technique. 

25 In case of PVD, a vapour source may be elements of a, p and y themselves, oxides or carbonates thereof. An 
atomic ratio of these elements in the vapour source is adjusted in function of evaporation rates of these 
elements on the basis of an atom ratio of these elements In the thin film to be produced. The vapour source 
may be a sintered mass or sintered powder which is prepared by sintering a powder mixture of Y 2 0 3f CuO and 
BaCu0 2 and may have a crystal structure of perovskite or quasi-perovskite type. 

30 The partial pressure of oxygen during the physical vapour deposition is preferably within a range of from 1 .0 
x 10~ 8 to 5.0 x 10~ 2 Torr and the substrate is preferably heated at a temperature ranging from 100 to 1,000 °C 
during the physical vapour deposition. When the substrate temperature is not higher than 100 °C, a 
satisfactory thin film can not be obtained because of poor crystallization. To the contrary, when it exceeds 
1,000 °C, a liquid phase is produced in the thin film and hence the superconductivity is deteriorated. 

35 The substrate may be made of glass, quartz, silicon, sapphire, stainless steel or other ceramics. Particularly, 
the substrate consists preferably of a single crystal of MgO, Zr0 2 or SrTi0 3 . Desirably, the superconducting 
thin film is deposited on a {001} plane or {110} plane of a single crystal of MgO or SrTi0 3 . In fact, the thin film of 
compound oxide, according to the present invention possesses anlsotropy In its crystal structure, so that a 
current passing along the direction which is in parallel witha plane defined by a-axis and b-axis of the crystal 

40 show a very high critical current density but the other current passing along the other directions is relatively 
lower. Therefore, when the c-axis is orientated to a direction which Is perpendicular to the plane defined by by 
a-axis and b-axis of the crystal, a current which has much higher critical current density (Jc) can be delivered 
along a direction which is in parallel with the plane. It is also possible to use {01 1} plane. The substrate of MgO 
or SrTi0 3 possess such another advantage that no stress is exerted on the thin film deposited during the 

45 heat-treatment because their heat-expansion coefficient is very similar to that of the thin film 

The operational condition of sputtering technique for preparing a superconducting thin film is described 
also In our co-pending United States of America patent serial No. 152,714 filed on May 2, 1988. 

According to a preferred aspect of the present invention, the thin film of compound oxide deposited on the 
substrate is not taken out of a chamber in which the deposition is carried out but is further heat-treated in the 

50 same chamber. 

In fact, the abovementioned compound oxides possess their transformation point at about 530 ° C. Effective 
control or adjustment of oxygen deficiency in the compound oxide can not be realized below the 
transformation point. In other words, if the thin film is cooled below the transformation point after the thin film 
is deposited on a substrate, the crystalline structure of the superconductor change and effective 

55 heat-treatment can not be realized or difficult to be performed. Thus, in the prior heat-treatment in which the 
substrate on which the thin film is deposited is taken out of the chamber, the thin film deposited is necessarily 
cooled down below the transformation point, because the substrate temperature during the physical vapour 
deposition is about 600 ° C. Still more, the thin film deposited is exposed to surrounding atmosphere when it is 
transferred from the chamber to a furnace, so that precise control of cooling rate and atmosphere can not be 

60 effected. 

According to the present invention, precise control of substrate temperature, cooling rate and atmosphere 
in the stage of heat-treatment is effected advantageously without cooling the thin film below the 
transformation point. 

According to the second aspect of the present invention, the thin film deposited on the substrate is 
65 heat-treated by a special sequence including (i) heating it in oxygen containing atmosphere having a partial 
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pressure of oxygen ranging 0.5 to 5 atm at a temperature ranging from 700 to 900 °C for more than 6 minutes 
fl) cooling It at a cooling rate of less than 100 °C/min, and then (iii) reheating or keeping it at a temperature 
ranging from 300 to 500 °C for more than 6 minutes. ywaiure 
As mentioned above, the superconductivity or superconducting property of new type superconductinq 
matenal of expound oxide is influenced by the oxygen contents or oxygen deficiency in the crystalline 5 
structure and the thin film as deposited does not possess a favorable or proper value of oxygen deficiency and 
™° f 2!!! *L des,red superconductivity. The conventional heat-treatment of the thin film which carried out 
at 700 to 1 ,000 C in oxygen containing atmosphere is not satisfactory to produce constantly superconducting 
thin films which possess uniform property and which are not deteriorated with the passing of time Such 
defects are overcome by the present invention. 

In the heat-treatment according to the present invention, the partial pressure of oxygen gas is adjusted to a *° 
range between 0 5 and 5 atm. If the oxygen partial pressure is not higher than 0.5 atm no substantial 
improvement is observed. Higher oxygen partial pressure accelerate the operation but no improvement is 
obtained above more than 5 atm. Heat-treatment at higher pressure also requires a costly pressure chamber 
Therefore, the heat-treatment or annealing is preferably carried out effectively and economically at an oxvoen #* 
partial pressure of 1 atm. Jy 

Under such oxygen partial pressure, the thin film deposited is heated at a temperature ranging from 700 to 
900 °C for more than 6 minutes, then cooled down at a cooling rate of less than 100 °C/min and then reheated 
or kept to a temperature ranging from 300 to 500 °C for more than 6 minutes. After then, the treated thin film is 
taken out of the chamber. A temperature of about 830 °C in the abovementioned temperature range of 700 to 
? L° ' S the o m0st P referat >le one for making oxygen atom penetrate into the thin film. The temperature range 
°h ?!,™ 0 o 0 r* C IS se!ected because * ne abovementioned superconductor has another transformation point at 

It is apparent from the description abovementioned that the superconducting thin film of compound oxide 
according to the present invention have improved stability than conventional superconducting thin film and 
hence they can be utilized advantageously in a applications of thin film devices, such as Matisoo switching 
fc^?nm S ° r Josephson device ' Anacke r memory device or Superconducting Quantum Interference Device 

Now, the present invention will be described with reference to Examples, but the present invention is not 

nitorl thorotn 
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limited thereto. 
Example 1 

A thin film of compound oxide Is prepared by magnetron sputtering technique in which a disc of sintered 
mass f Ba-Y-Cu-0 system (4 inch diameter, atomic ratio of Ba:Y:Cu - 1.4 : 0.4 : 3) is used as a target under 
the following condition: 
Substrate: MgO 
Substrate temperature: 800 °C 
Sputtering gas pressure: 0.01 to 0.1 Ton- 
composition Ar/02 « 50/50 
High-frequency power: 100 to 300 W 
Sputtering time: 60 min 
Thickness of thin film: 0.2 to 1 um 

When deposition of a thin film of compound oxide complete, oxygen gas is introduced at ambient pressure 
into a chamber in which the sputtering is carried out. Then, the substrate is cooled down slowly at a cooling 45 
rate of 2 °C/min from 800 to 300 °C and then at a cooling rate of 15 °C/min from 300 °C to ambient 
temperature. 

For comparison, a sample which is prepared under the same condition as above is left in the chamber to be 
cooled down to ambient temperature and then is taken out of the chamber. Then, this sample is reheated in a 
furnace to 600 °C and cooled down in air. 

The result of superconducting properties of a sample according to the present invention and th comparative 
example is shown in Table 1 
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Table 1 
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comparative example 
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Jc (A/cm2 77K) 


2x105 


3.2 x 104 


15 










Tc (K) 


88 


78 
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Example 2 



Ar gas introduced: 5.0 x 10" 2 Torr 
35 0 2 gas introduced: 1.0 x 10" 2 Ton- 
Substrate temperature: 650 °C 
Deposition rate: about 0.50 A/sec 
Thickness of thin film: 1 \xm 

. ^^^^ 

r2Z?£jto ap pe £ ^ 3 t6mperature ° f Tc ° at the superconductivity is fet and or**} 

- IWSKCIE S SL^r^ C ° mParin9 *" Va,UCS °" — *- a«er the 

The result are shown in Table 2. 
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Table 2 





Just after deposition 


one month after 


Tco (K) 


Tci (K) 


Tco (K) 


Tci (K) 


Present ' 
Invention 


98 


96 


98 
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Compara. 
Example 


87 


78 


62 
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Claims 

30 

1. A process for preparing a compound oxide type superconducting thin film including the steps 
comprising depositing a thin film of compound oxide on a substrate and then subjecting the thin film of 
compound oxide to heat-treatment in the presence of oxygen gas, improvement in that said 
heat-treatment is carried out in a same chamber in which the thin film of compound oxide is deposited on 35 
the substrate without taking the substrate out of said chamber. 

2. A process set forth in claim 1, characterized in that the heat-treatment include the steps comprising 
heating the thin film deposited on the substrate at a temperature ranging from 700 to 900 °C for more 
than 6 minutes, cooling the thin film at a cooling rate of less than 100 °C/min, and then keeping the thin 

film at a temperature ranging from 300 to 500 °C for more than 6 minutes. 40 

3. A process set forth in Claim 1 or 2, characterized in that said superconducting thin film is prepared by 
physical vapour deposition technique. 

4. A process set forth in any one of Claim 1 to 3, characterized in that said superconducting thin film is a 
thin film of compound oxide composed of at least one element a selected from Ha group of the Periodic 
Table, at least one element P selected from Ilia group of the Periodic Table, at least one element y 45 
selected from a group comprising lb, lib, lllb, IVa and Villa group of the Periodic Table and oxygen. 

5. A process set forth In claim 4, characterized In that said superconducting thin film Is a thin film of 
compound oxide represented by the formula: 

(ai-xPx)CuyO z 50 

in which a and P means the same definition as above, x is an atomic ratio of p with respect to (ct + P) and 
has a range of 0.1 < x < 0.9, and y and z are respective atomic ratios with respect to (ai-xP*) which is 
considered to be equal to 1 and each satisfies a range of 0.4 < y < 3.0 and 1 < z < 5 respectively. 

6. A process seiiorlh in Claim 5. characterized in that said element a is Ba and said element 0 is at least 55 
one element selepted from a group comprising Y, La, Gd, Dy, Ho, Er, Tm, Yb, Nd, Sm, Eu and Lu. 

7. A process set forth in any one of Claim 4 to 6, characterized in that said superconducting thin film has 
a perovskite type or quasi-perovskite type crystal structure. 

8. A process set forth in any one of Claim 3 to 7, characterized in that a vapour source used in the 
physical vapour deposition technique is a sintered mass or powder which is prepared by sintering a 60 
powder mixture of Y203, CuO and BaCuOz. 

9. A process set forth in any one of Claim 3 to 8, characterized in that the partial pressure of oxygen 
during the physical vapour deposition is within a range of from 1 .0 x 10~ 8 to 5.0 x 10 -2 Torr. 

10. A process set forth in any one of Claim 3 to 9, characterized in that said substrate is heated at a 
temperature ranging from 100 to 1 ,000 0 C during the physical vapour deposition. 65 
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20 



crystal onSo<SrS2 iR ^ ° f C ' aim 3 10 10 ' Charac,eri2ed in ,hat that said ^bstrate is a single 

i™« A . Pr ° CeS Htn! f< T h in « Claim 1 1 ' characterized "n that said superconducting thin film is deposited on a 
{001} plane or |1 10} plane of a single crystal of MgO or SrTi0 3 . 

13 A process set forth to any one of Claim 1 lo Z, characterized in that said superconducting thin film is a 
thin film of compound oxide represented by the formula: 



04(<I>i-<i, Caq)mCu„Op +r 

in which 0 stands for Bi or Tl, * stands for Sr when 6 is Bi and stands for Ba when 0 is TI m and n are 
numbers each satisfying ranges of 6 < m < 10 and 4 < n < 8 respectively, p = (6+m+n) a is a 
number which satisfies a range of 0 < q < 1 , and r is a number which satisfies a range of -2 £ r < + 2 

14. A process forjsreparing a superconducting thin film composed of compound oxide including atteast 
one element a selected from lla group of the Periodic Table, at least one element B selected from Ilia 
group of the Penodic Table, at least one element y selected from a group comprising lb, lib, lllb, IVa and 
Villa group of the Periodic Table and oxygen, said process including the steps comprising depositing a 
th.n film of compound oxide on a substrate by physical vapour deposition and then subjecting the thin film 
of compound ox.de to heat-treatment in the presence of oxygen gas, improvement in that, in the stage of 
f a ^ e . a i re f tm ! m ' the thln fllm de P° slted on the substrate is heated at a temperature ranging from 700 
to 900 C and under a partial pressure of oxygen ranging from 0.1 to 5 atm for more than 6 minutes then is 

f°2S 81 3 °l° lin9 ra,e of less tnan 100 ° C/min ' then is kept at a temperature ranging from 300 

to 500 C for more than 6 minutes. 

15. A process set forth in claim 14, characterized in that said superconducting thin film is a thin film of 
compound oxide represented by the formula: 

& (ai-xPx)CUyO z 

in which a and p means the same definition as above, x is an atomic ratio of p with respect to (a+B) and 
has a range of 0,1 < x < 0.9, and y and z are respective atomic ratios with respect to <a 3 -aBx) which Is 
considered to be equal to 1 and each satisfies a range of 0.4 S y S 3.0 and 1 ;£ z * 5 respectively 
30 16. A process set forth in Claim 15, characterized in that said element a is Ba and said element B is at 

least one element selected from a group comprising Y, La, Gd, Dy, Ho, Er, Tm, Yb, Nd, Sm Eu and Lu 

17. A process set forth in any one of Claim 14 to 16, characterized In that the partial pressure of oxyqen 
dunng the physical vapour deposition is within a range of from 1.0 x 10"* to 5.0 x 10" 2 Torr 

18. A process set forth in any one of Claim 14 to 17, characterized in that said substrate is heated at a 
35 temperature ranging from 1 00 to 1 ,000 ° C during the physical vapour deposition 

19. A_process set forth in any one of Claim 14 to 18, characterized in that that said substrate Isjj sinaie 
crystal of MgO or SrTi03. y 

20 4 process set forth in Claim 19, characterized in that said superconducting thin film is deposited on a 
{001} plane or {110} plane of a single crystal of MgO or SrTi0 3 . 
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